Adenovirus-mediated gene therapy for mucopolysaccharidosis VII: involvement of cross-correction in wide-spread distribution of the gene products and long-term effects of CTLA-4Ig coexpression.
Recombinant adenoviruses expressing human beta-glucuronidase (AxCAhGUS) and CTLA-4Ig (AxCACTLA-4Ig) were generated and therapeutic efficacy was investigated using a murine model of mucopolysaccharidosis type VII (MPSVII). Seven days after the intravenous administration of AxCAhGUS, high levels of beta-glucuronidase (GUSB) activity were observed in the liver, spleen, heart, lung, kidney, and serum, while viral DNA was predominantly detected in the liver. To investigate the contribution of in vivo cross-correction of GUSB between the liver and other organs, we injected the serum obtained from the transduced mice into untreated MPSVII mice. Similar distributions of GUSB activity were observed in the serum-injected mice, suggesting that GUSB activities detected in the extrahepatic organs were due to the cross-correction rather than the direct gene transduction. This result also suggested that maintaining high levels of GUSB in the systemic circulation was essential for the effective treatment of MPSVII. To achieve this, we injected AxCAhGUS and AxCACTLA-4Ig into MPSVII mice. Serum GUSB activity was sustained at high levels for more than 200 days and morphological normalization of the liver and spleen was observed for a year. This suggests that long-term therapeutic efficacy in visceral organs of MPSVII is achievable by coexpression of CTLA-4Ig through an in vivo cross-correction pathway.